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Abstract

Background Understanding venous congestion is critical to the management of many illnesses, but assessing vol-
ume status can be challenging. The current gold standard for volume status assessment of right heart catheterization
(RHQ) is invasive, costly, and often unavailable. Venous Excess Ultrasound Score (VExUS) is a novel ultrasound protocol
for to assessment of venous congestion using the inferior vena cava, hepatic, portal and renal veins. Though there

is a much interest in the technique, the renal component of the exam is challenging to acquire. For this reason we
aimed to see if a modified VEXUS (mVExUS) excluding the kidney component performs similarly to traditional VExUS
(tVExUS) for detecting elevated right atrial pressure (RAP) as measured by RHC.

Methods A consecutive cohort of 95 patients undergoing RHC had VEXUS exams before the procedure. Researchers
compared the performance of tVExUS, mVEXUS, and inferior vena cava (IVC) diameter in predicting RAP > 12 mmHag.

Results The area under the curve (AUC) for detecting elevated RAP was similar for tVExUS (0.87) and mVExUS (0.85).

perfect (Cohen’s Kappa=0.85).

patient populations.

Both methods achieved high sensitivity and specificity. Agreement between tVExUS and mVExUS scores was near-

Conclusion mVExUS may be as effective as tVExUS in identifying elevated RAP This abbreviated version could
improve efficiency and adoption of VEXUS for assessing venous congestion. Further studies are needed in diverse

Background

Venous congestion is increasingly recognized as a sig-
nificant cause of morbidity and mortality in many highly
morbid conditions [1-8], contributing to cardiorenal
acute kidney injury (AKI), pulmonary edema, and organ
hypoperfusion, among others [9]. For this reason, the
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ability of providers to rigorously assess venous conges-
tion is critical to the daily management of a wide variety
of patients. Unfortunately, evaluation of venous conges-
tion is clinically challenging, and conventional exam
techniques are often inadequate [10, 11]. For this reason,
clinicians seeking definitive information on a patient’s
degree of venous congestion often rely on right heart
catheterization (RHC), the clinical gold standard for
assessing venous hypertension [12]. However, RHC is an
invasive and costly procedure that is not universally avail-
able, and is associated with a risk of patient complication
as high as 1%, even in high-volume centers [13]. These
limitations have led to an ongoing search for a non-inva-
sive, economical, and reliable bedside procedure that can
be used to assess a patient’s degree of venous congestion
at the bedside [14].
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To address this need, the Venous Excess Ultrasound
Score (VExUS)—a novel ultrasonographic technique was
designed to noninvasively assess venous congestion [15].
The VExUS technique leverages the fact that character-
istic Doppler waveforms are associated with different
degrees of venous congestion in the peripheral organs,
and combines them into a unified assessment of venous
circulation, including measurements of the inferior vena
cava (IVC), hepatic, portal, and renal veins [15, 16]. The
initial VExUS study reported an positive likelihood ratio
of 6.37 for the development of cardiorenal acute injury
(AKTI) [15], and VExUS has been shown to have clinical
utility in a variety of settings, including predicting resolu-
tion of cardiorenal AKI, and in evaluating volume status
in the perioperative, intensive, care, and emergency set-
tings [17, 18]. Importantly, a recent study demonstrated
that VExUS grade is closely correlated with right atrial
pressure, showing VExUS to have an AUC of 0.99 for the
detection of a right atrial pressure (RAP) of >12 mmHg.
[19] The technique has generated considerable interest as
a means to guide therapies, and is currently the subject of
multi-center prospective trials (ClinicalTrials.gov Iden-
tifier: NCT06227702) [20]. One barrier to widespread
adoption of VExUS is the difficulty of the renal compo-
nent, prompting calls for validation of a modified pro-
tocol. For this reason, we compared a modified version
of the VExUS score excluding renal imaging (mVExUS)
to traditional VExUS (tVExUS) for detection of elevated
RAP, as well as evaluating each VExUS component.

Methods

A consecutive convenience cohort of patients undergo-
ing ambulatory and inpatient RHC at a tertiary center
in Denver, CO from 12/20/2022-3/1/2023 underwent
VExUS examination immediately prior to RHC. Blinded
VExUS examinations were conducted and tVExUS grade
was determined as previously described [15, 19]. The
mVExUS grade was determined by applying the same
grading algorithm after removing renal images (appendix
2).

Ultrasonographers were internal and emergency medi-
cine residents with institutional training in ultrasound,
and were not part of the clinical team. All ultrasonogra-
phers completed a 4-h video series on VExUS developed
by the Beaubien-Souligny group [21], before undergoing
in-person training by an Emergency Medicine attending
physician with a subspeciality training in ultrasonogra-
phy familiar with the VExUS technique. Prior to analy-
sis, one of the clinicians that developed the VExUS score
reviewed a subset of scans by videoconference to assess
image quality and confirm grading accuracy. VExUS
results were graded and recorded before publication of
RHC results.
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Statistical methods

Descriptive statistics for the cohort including demo-
graphics, past medical history, echocardiographic char-
acteristics, and indication for RHC are displayed in
Table 1. Continuous variables are described by median
and interquartile range, and ordinal and categorical vari-
ables are described by number and percentage.

We constructed Receiver Operatic Characteristic
(ROC) curves for tVExUS and mVExUS for prediction of
RAP>12 mmHg, as well as a continuous measurement
of IVC diameter. We also evaluated each component
of the VExUS exam: hepatic, portal, and renal Dop-
pler, and a binary cutpoint of IVC diameter of 2 cm, We
also calculated Cohen’s Kappa statistic for agreement
between tVExUS and mVExUS for VExUS grade. We
used Youden indexing to calculate cut-points for tVExUS
and mVExUS to maximize sensitivity and specificity for
a RAP>12 mmHg. The threshold used for statistical sig-
nificance was p <0.05. Calculations were conducted using
R version 4.2.1 (2022-06-23).

Results

95 Patients were included in the study, 53 of which were
inpatients. Descriptive characteristics for the cohort
are displayed in Table 1. No patients required vasoac-
tive medications or mechanical ventilation at the time
of study procedures. After ROC analysis for detection of
a RAP>12 mmHg, the area under the curve (AUC) for
tVExXUS, mVExUS, and IVC Diameter were 0.87 95%CI
(0.76-0.99), 0.85 95%CI (0.75-0.97) and 0.78 95%CI
(0.65-0.91), respectively (Fig. 1). A tVExUS grade of
3 had a sensitivity of 0.86 95%CI (0.62—-1) and specific-
ity of 0.79 95%CI (0.73-0.98), an mVExUS grade of 3
had a sensitivity of 0.79 95%CI (0.54—1) and specificity
of 0.8 95%CI (0.71-0.99). The Cohen’s Kappa statistic
for agreement between mVExUS and tVExUS was 0.85
95%CI (<0.05). The AUC for the hepatic vein was 0.81
(0.72-0.92), portal vein 0.86 (0.76—0.96), renal vein 0.9
(0.83-0.98). All were comparable to the overall VExUS
exam, and higher AUC of the 2-cm IVC cutoff (0.71
(0.62-0.79)) (Supplemental Fig. 1) (Fig. 1).

Discussion

The results of the current study suggest that mVExUS
retains a high sensitivity and specificity for elevated
RAP when compared with tVExUS, as documented in
a previous study [22]. The Cohen’s Kappa statistic of
0.85 indicates near-perfect agreement between the two
scores, suggesting that they could be interchangeable
in practice. When comparing mVExUS to prior tech-
niques for assessing venous congestion, the mVExUS
score performs better than physical examination of
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Table 1 Cohort Characteristics Table 1 (continued)
N =95 N =95
Age 62 (54, 70) 1 30 (32%)
Sex 2 18 (19%)
Male 3 (66%) 3 9(9.5%)
Female 2 (34%) Most recent ejection fraction 30(20,39)
Body Mass Index 28 (25, 35) Right heart catheterization indication
History of heart failure with reduced ejection fraction 7 (49%) Abnormal stress test 1(1.1%)
History of myocardial infarction 4 (26%) Angina 13 (14%)
History of COPD 29 (31%) Cardiogenic shock 1(1.1%)
ESRD on HD 4 (5.1%) Cardiomyopathy 3(3.2%)
History of pulmonary hypertension 36 (38%) Chronic respiratory failure 1(1.1%)
Charlson Comorbidity Index 400 (3.00, 6.00) Combined heart failure 5 (5.3%)
Mitral regurgitation 40 (43%) Coronary artery disease 3(3.2%)
Mitral regurgitation severity Diastolic heart failure 3(3.2%)
Mild 24 (60%) Dyspnea 5(5.3%)
Moderate 1 (28%) Hypoxemic respiratory failure 1(1.1%)
Severe 5(12%) NSTEMI 5(5.3%)
Mitral stenosis 1(1.1%) Pericardial effusion 2 (2.1%)
Mitral stenosis severity Pericarditis 1(1.1%)
Mild 1 (100%) Pulmonary hypertension 11 (12%)
Moderate 0 (0%) Syncope 1(1.1%)
Severe 0 (0%) Systolic heart failure 27 (28%)
Aortic regurgitation 17 (18%) Unspecified heart failure 4 (4.2%)
Aortic regurgitation severity Valvular disease 6 (6.3%)
Mild 13 (76%) Volume overload 2(2.1%)
Moderate 3(18%) COPD Chronic Obstructive Pulmonary Disease, ESRD End Stage Renal Disease,
Severe 1(5.9%) HD Hemodialysis, mVExUS Modified VExUS, tVExUS Traditional VEXUS
Aortic stenosis 4(4.3%) " Median (IQR); n (%)
Aortic stenosis severity
Mild 1(25%)
Moderate 2 (50%) the internal jugular vein, and [11] interestingly, both
Severe 1(25%) mVExUS and tVExUS have a greater AUC for detec-
Tricuspid regurgitation 36 (39%) tion of elevated RAP than the IVC alone, as published
Tricuspid regurgitation severity in recent studies [23-25]. Interestingly, each Doppler
Mild 17 (47%) component of VExUS had an AUC comparable to the
Moderate 15 (42%) overall score itself, suggesting that even further-trun-
Severe 4(11%) cated protocols may be feasible, and that IVC diameter
Tricuspid stenosis 0 (0%) may be a less-useful diagnostic tool than previously
Tricuspid stenosis severity appreciated. The study has several key limitations,
Mild 0 (NA%) most importantly the small size and relative homo-
Moderate 0 (NA%) geneity of the cohort. No patients had shock, altered
Severe 0 (NA%) mental status, were undergoing positive pressure ven-
Nagueh L atrial pressure 17 (13, 24) tilation, or required vasoactive medications, limiting
VEXUS study generalizability. Strengths include a uniquely
0 (39%) well-characterized cohort of patients including invasive
: 9(31%) hemodynamics, rigorously trained ultrasonographers,
5 ( 79%) and a robust image evaluation process. There are many
3 3 (14%) patient populations that require further study, includ-
MVEXUS ing cardiogenic shock, renal disease, portal hyperten-
0 38 (40%) sion, and severe valvular disease, among others, and

care should be taken when applying mVExUS in these
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Fig. 1 A comparison of receiver operating characteristic (ROC) curves for traditional and modified VExUS as well as IVC diameter. The area
under the curve (AUC) for tVEXUS, mVExUS, and IVC diameter were 0.87 95%Cl (0.76-0.99), 0.85 95%Cl (0.75-0.97) and 0.78 95%Cl (0.65-0.91),
respectively. A tVExUS grade of 3 had a sensitivity of 0.86 95%Cl (0.62-1) and specificity of 0.79 95%Cl (0.73-0.98), an mVEXUS grade of 3 had

a sensitivity of 0.79 95%Cl (0.54-1) and specificity of 0.8 95%Cl (0.71-0.99)

populations. Nonetheless, these results suggest that
abbreviated VExUS protocols may be used to gather
accurate data about venous congestion, improving effi-
ciency of clinical providers and allowing for increased
uptake of this novel, broadly-applicable technique.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513089-025-00411-x.

Supplementary Material 1. Fig. S1. The individual Doppler components
of the tVExUS protocol had similar values of AUC to the overall score, and
significantly higher than the AUC of the 2-cm IVC cutoff.

Acknowledgements

The authors would like to thank the members of the VExXUS research team for
their time and efforts spent generating data for the current manuscript. We
likewise thank the many patients who participated in this study.

Author contributions

KCM designed and implemented the study with support from AAL, 1D, and
EAG. KCM wrote the majority of the manuscript. All authors participated in
revisions and proofing of the final manuscript.

Funding
This study received no funding.

Availability of data and materials
Data are available on request.

Declarations

Ethics approval and consent to participate

This study had the approval of the local Institutional Review Board (COMIRB
#22-2024). All study participants provided informed consent for study
procedures.

Consent for publication
All study participants provided informed consent for publication.

Competing interests
Authors have no conflicts of interest or competing interests to disclose.


https://doi.org/10.1186/s13089-025-00411-x
https://doi.org/10.1186/s13089-025-00411-x

Martin et al. The Ultrasound Journal

(2025) 17:7

Received: 2 April 2024 Accepted: 26 November 2024
Published online: 17 January 2025

References

1.

Beaubien-Souligny W, Benkreira A, Robillard P et al (2018) Alterations in
portal vein flow and intrarenal venous flow are associated with acute
kidney injury after cardiac surgery: a prospective observational cohort
study. J Am Heart Assoc 7(19):e009961. https://doi.org/10.1161/JAHA.118.
009961

Boorsma EM, Ter Maaten JM, Damman K et al (2020) Congestion in heart
failure: a contemporary look at physiology, diagnosis and treatment. Nat
Rev Cardiol 17(10):641-655. https://doi.org/10.1038/541569-020-0379-7
Chen CY, Zhou Y, Wang P, Qi EY, Gu WJ (2020) Elevated central venous
pressure is associated with increased mortality and acute kidney injury in
critically ill patients: a meta-analysis. Crit Care 24(1):80. https://doi.org/10.
1186/513054-020-2770-5

Chen KP, Cavender S, Lee J et al (2016) Peripheral edema, central

venous pressure, and risk of AKI in critical illness. Clin J Am Soc Nephrol
11(4):602-608. https://doi.org/10.2215/CIN.08080715

Li DK, Wang XT, Liu DW (2017) Association between elevated central
venous pressure and outcomes in critically ill patients. Ann Intensive Care
7(1):83. https://doi.org/10.1186/513613-017-0306-1

Miller WL (2016) Fluid volume overload and congestion in heart failure:
time to reconsider pathophysiology and how volume is assessed. Circ
Heart Fail 9(8):2002922. https://doi.org/10.1161/CIRCHEARTFAILURE.115.
002922

Mullens W, Abrahams Z, Francis GS et al (2009) Importance of venous
congestion for worsening of renal function in advanced decompensated
heart failure. J Am Coll Cardiol 53(7):589-596. https://doi.org/10.1016/j.
jacc.2008.05.068

Banjade P, Subedi A, Ghamande S, Surani S, Sharma M (2023) Systemic
venous congestion reviewed. Cureus. 15(8):.e43716. https://doi.org/10.
7759/cureus43716

Koratala A, Ronco C, Kazory A (2022) Diagnosis of fluid overload: from
conventional to contemporary concepts. Cardiorenal Med 12(4):141-154.
https://doi.org/10.1159/000526902

. Elhassan MG, Chao PW, Curiel A (2021) The conundrum of volume status

assessment: revisiting current and future tools available for physicians at
the bedside. Cureus. 13(5):e15253. https://doi.org/10.7759/cureus.15253

. Breidthardt T, Moreno-Weidmann Z, Uthoff H et al (2018) How accurate is

clinical assessment of neck veins in the estimation of central venous pres-
sure in acute heart failure? Insights from a prospective study. Eur J Heart
Fail 20(7):1160-1162. https://doi.org/10.1002/ejhf.1111

. Hadian M, Pinsky MR (2006) Evidence-based review of the use of the

pulmonary artery catheter: impact data and complications. Crit Care
10(Suppl 3):S8. https://doi.org/10.1186/cc4834

. Hoeper MM, Lee SH, Voswinckel R et al (2006) Complications of right

heart catheterization procedures in patients with pulmonary hyperten-
sion in experienced centers. J Am Coll Cardiol 48(12):2546-2552. https://
doi.org/10.1016/jjacc.2006.07.061

. De Vecchis R, Baldi C, Giandomenico G, Di Maio M, Giasi A, Cioppa C

(2016) Estimating right atrial pressure using ultrasounds: an old issue
revisited with new methods. J Clin Med Res 8(8):569-574. https://doi.org/
10.14740/jocmr2617w

. Beaubien-Souligny W, Rola P, Haycock K et al (2020) Quantifying systemic

congestion with Point-Of-Care ultrasound: development of the venous
excess ultrasound grading system. Ultrasound J 12(1):16. https://doi.org/
10.1186/513089-020-00163-w

. Rola P, Miralles-Aguiar F, Argaiz E et al (2021) Clinical applications of the

venous excess ultrasound (VExUS) score: conceptual review and case
series. Ultrasound J 13(1):32. https://doi.org/10.1186/513089-021-00232-8

. Jury D, Shaw AD (2021) Utility of bedside ultrasound derived hepatic and

renal parenchymal flow patterns to guide management of acute kidney
injury. Curr Opin Crit Care 27(6):587-592. https://doi.org/10.1097/MCC.
0000000000000899

. Gupta B, Ahluwalia P, Gupta A, Ranjan N, Kakkar K, Aneja P (2023) Utility

of VEXUS score in the peri-operative care unit, intensive care unit, and
emergency setting—a systematic review. Indian J Anaesth 67(Suppl
4):5218-5226. https://doi.org/10.4103/ija.ija_475_23

20.

21

22.

23.

24.

25.

Page 5 of 5

. Longino A, Martin K, Leyba K et al (2023) Correlation between the VEXUS

score and right atrial pressure: a pilot prospective observational study.
Crit Care 27(1):205. https://doi.org/10.1186/513054-023-04471-0

Prager R, Argaiz E, Pratte M et al (2023) Doppler identified venous
congestion in septic shock: protocol for an international, multi-centre
prospective cohort study (Andromeda-VEXUS). BMJ Open 13(7):e074843.
https://doi.org/10.1136/bmjopen-2023-074843

Rola P The VEXUS Course. Video. Accessed 2023. https://vimeo.com/
ondemand/thevexuscourse

Longino A, Martin K, Leyba K et al (2023) Prospective evaluation of
venous excess ultrasound (VExUS) for estimation of venous congestion.
Chest. https://doi.org/10.1016/j.chest.2023.09.029

Brennan JM, Blair JE, Goonewardena S et al (2007) Reappraisal of the
use of inferior vena cava for estimating right atrial pressure. J Am Soc
Echocardiogr 20(7):857-861. https://doi.org/10.1016/j.echo.2007.01.005
Patel AR, Alsheikh-Ali AA, Mukherjee J et al (2011) 3D echocardiography
to evaluate right atrial pressure in acutely decompensated heart failure
correlation with invasive hemodynamics. JACC Cardiovasc Imaging
4(9):938-945. https://doi.org/10.1016/j,jcmg.2011.05.006

Prekker ME, Scott NL, Hart D, Sprenkle MD, Leatherman JW (2013) Point-
of-care ultrasound to estimate central venous pressure: a comparison of
three techniques. Crit Care Med 41(3):833-841. https://doi.org/10.1097/
CCM.0b013e31827466b7

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1161/JAHA.118.009961
https://doi.org/10.1161/JAHA.118.009961
https://doi.org/10.1038/s41569-020-0379-7
https://doi.org/10.1186/s13054-020-2770-5
https://doi.org/10.1186/s13054-020-2770-5
https://doi.org/10.2215/CJN.08080715
https://doi.org/10.1186/s13613-017-0306-1
https://doi.org/10.1161/CIRCHEARTFAILURE.115.002922
https://doi.org/10.1161/CIRCHEARTFAILURE.115.002922
https://doi.org/10.1016/j.jacc.2008.05.068
https://doi.org/10.1016/j.jacc.2008.05.068
https://doi.org/10.7759/cureus.43716
https://doi.org/10.7759/cureus.43716
https://doi.org/10.1159/000526902
https://doi.org/10.7759/cureus.15253
https://doi.org/10.1002/ejhf.1111
https://doi.org/10.1186/cc4834
https://doi.org/10.1016/j.jacc.2006.07.061
https://doi.org/10.1016/j.jacc.2006.07.061
https://doi.org/10.14740/jocmr2617w
https://doi.org/10.14740/jocmr2617w
https://doi.org/10.1186/s13089-020-00163-w
https://doi.org/10.1186/s13089-020-00163-w
https://doi.org/10.1186/s13089-021-00232-8
https://doi.org/10.1097/MCC.0000000000000899
https://doi.org/10.1097/MCC.0000000000000899
https://doi.org/10.4103/ija.ija_475_23
https://doi.org/10.1186/s13054-023-04471-0
https://doi.org/10.1136/bmjopen-2023-074843
https://vimeo.com/ondemand/thevexuscourse
https://vimeo.com/ondemand/thevexuscourse
https://doi.org/10.1016/j.chest.2023.09.029
https://doi.org/10.1016/j.echo.2007.01.005
https://doi.org/10.1016/j.jcmg.2011.05.006
https://doi.org/10.1097/CCM.0b013e31827466b7
https://doi.org/10.1097/CCM.0b013e31827466b7

	Evaluation of a modified venous excess ultrasound (VExUS) protocol for estimation of venous congestion: a cohort study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Statistical methods

	Results
	Discussion
	Acknowledgements
	References


